Introduction
Pirá, Conorhynchos conirostris (Valenciennes, 1840) , is a large long-nosed member of the order Siluriformes ( Fig. 1 ) that is endemic to the São Francisco River (SFR) basin in Brazil. It is the third largest fish of the SFR basin, reaching 100 cm in total length and 13 kg in body weight (Sato, 1999) . Pirá is migratory (Sato, Godinho, 2003) , and placed in Balon's (1975) non-guarder, open substratrum, pelagophil reproductive guild. Its spawning and nursery grounds remain largely unknown.
The SFR basin has witnessed a remarkable decline in its fishery in the last few decades. Fishery yields reduced from 16 kg. fisher -1 .day -1 in the mid 1970's (Superintendência de Desenvolvimento da Pesca, Companhia de Desenvolvimento do Vale do Rio São Francisco, 1980) to 12 kg. fisher -1 .day -1 in the late 1980's, and to 3 kg. fisher -1 .day -1 in the late 1990's (Godinho et al., 2007) . In [2008] [2009] , fishery catches returned to values closed to those of the late 1980's following two consecutive years of significant river floods (personal data).
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Pirá has been a substantial component of artisanal fisheries in the middle SFR (Godinho et al., 1997) . Nevertheless, it is listed as threatened in the red lists of Brazil and the state of Minas Gerais. The criteria for inclusion in both lists considered reductions in population size and geographic distribution. Prohibition of fishing for pirá, as a protected species, has received criticism from those who fish in the middle SFR, and who claim pirá is still relatively abundant.
Herein, we use original and secondary data to assess the spatio-temporal occurrence and abundance of pirá in the SFR basin. We used this information to evaluate if pirá indeed qualifies for red-listing, and discuss its reproductive strategy based on patterns of temporal abundance and habitat use.
Material and Methods
Study area. The SFR basin is the fourth largest river basin in South America. It covers 631,133 km 2 , and encompasses 7.4% of Brazilian territory (Fig. 2) . The SFR runs northeasterly for 2,814 km (Silva et al., 2003) (Comitê Brasileiro de Grandes Barragens, 1982) and the river km (rkm) of their locations (personal data) are: Três Marias (1961, rkm 2,133) , Sobradinho (1979 , rkm 750), Itaparica (1986 , Moxotó (1974 , rkm 275), Paulo Afonso I (1954 , Paulo Afonso IV (1979, rkm 268) and Xingó (1994, rkm 210) . Três Marias Dam is the only dam on the main river course in the 2,064 rkm of the upper and middle regions of SFR; all other dams are in the 750 rkm of the sub-middle and lower regions of the SFR. All of these larger dams are primarily for hydropower, while there are a few dozen smaller dams for power generation or water supply in tributaries of the SFR.
Occurrence and abundance. We obtained data for 930 pirá captured by artisanal and sport fishers operating in the middle SFR. We gathered data from artisanal fishers from three municipalities ( 04'34''W) . Along this stretch, fishing was performed by the crew of a fishing boat belonging to the artisanal fishers association of Pirapora. We collected data during 3-5 consecutive days per month during fishing trips in the years of 1987 (July to December, except September), 1999 (March to November) and 2008-2009 (August to July, except March and May) . The distance the boat navigated downstream during fishing trips ranged from 25-122 rkm. In 1987, the crew included 4-5 fishing duos, while in 1999 and 2008-2009 it included 2-4 fishing duos. Occasionally, a duo turned into a trio. Each duo/trio used a 5-m long boat to fish. In 1987, they mainly used wood boats and oars, but in 1999 they also used duralumin boats equipped with ≤ 15 hp outboard motors. In 2008-2009, they used only duralumin boats with 15-25 hp outboard motors. During the fishing trips, we did not interfere in any working aspect of the fishers (e.g., fishing time, fishing spot, fishing gear, etc.) that could potentially influence their fishing routine. A voucher specimen was deposited in the fish collection of the Federal University of Minas Gerais under the number ICT-UFMG 2869. We recorded total length (TL) and body weight (BW) of all pirá, except for those captured at Januária for which we recorded biomass and number captured per fisher per day -1 instead. We determined sex of all pirá except those at Três Marias, Ibiaí and Januária. For each fishing site and fishing category (artisanal and sport), we estimated the catch per unit effort in number (CPUE n ) and biomass (CPUE b ) as, respectively, the number or biomass of pirá caught per fisher per day regardless of the number of hours spent fishing by each fisher.
We used data available in scientific papers, books and reports as well as our personal data to determine historical (> 10 years old) and recent (≤ 10 years old) abundance trends and habitat preferences of pirá as of 2010. We also interviewed heads of artisanal fishers associations in all SFR regions regarding the presence/absence and abundance trends of pirá in their respective fishing areas.
Catch statistics. We used frequency distributions to compare CPUE n among fishing sites and between fishing categories (artisanal versus sport) because CPUE n was highly negatively skewed due to the large number of zeros. We tested for differences in BW among fishing sites using the Kruskal-Wallis test, and between fishing categories using the Wilcoxon test. We used these nonparametric tests since BW was not normally distributed even after transformations. We used the Dunn test for nonparametric multiple comparisons. We also tested for differences in the mean BW of pirá captured by the fishing boat of the artisanal fishers association of Pirapora among the years of 1987, 1999 and 2008-2009 using ANOVA followed by Tukey-Kramer multiple comparison test. For the ANOVA, we log transformed BW of pirá to achieve normality. For all tests, we used a 0.05 level of significance. We used SAS for all data and statistical analyses except for the Dunn test, for which we used BioEstat 5.0 (Ayres et al., 2007) .
Conservation status. We evaluated each International Union for Conservation of Nature (IUCN) criterion used to justify the inclusion of pirá in the 2004 and 2014 red lists of Brazil and in the 2010 red list of the state of Minas Gerais. We based most of our evaluation on the data of the present study and those in the guidelines provided by IUCN (2001) and from the Instituto Chico Mendes de Biodiversidade (ICMBio, 2013) . We also used data from the literature to support our evaluation.
Results
Occurrence. Documents from the first half of the 20 th century mentioned the occurrence of pirá in all four regions of the main course of the SFR. Recent records included all these regions except the lower SFR where, according to Instituto Xingó (2003) , the species has not been captured since around the mid-1980´s. Recent records have also shown pirá to be present in most of the riverside municipalities of the middle SFR, mainly in the state of Minas Gerais. Although rare, pirá is still being recorded from the upper SFR.
Pirá has been recorded in the major tributaries of the middle (Urucuia, Paracatú, Velhas rivers) and upper (Paraopeba River) SFR. It has been recorded in the first 133 rkm of the Sono River (a tributary of the lower Paracatu River), but not in the Preto River (a tributary of the upper Paracatu River). In the Velhas River, although not abundant, pirá used to occur from the mouth up to, at least, its middle segment; today pirá seems to be restricted to the stretch near the mouth. Pirá has been recorded in the lower Paraopeba River, but not in the upper segment. There were no records of pirá in the Pandeiros and Juramento rivers, both mid-sized tributaries of the middle SFR. We did not find records of pirá in tributaries of the sub-middle and lower SFR.
Among the main course reservoirs, pirá was rare in Três Marias Reservoir. In Sobradinho Reservoir, pirá accounted for 1.3% of the landings in 1982, three years after its filling, but now they are rarely captured by artisanal fishers. Pirá has not been found in Xingó Reservoir. We found no information on presence/absence of pirá in other main course reservoirs (i.e., Itaparica, Moxotó, Paulo Afonso I and Paulo Afonso IV). There were no records of pirá in reservoirs of the upper and middle SFR tributaries (i.e., Cajuru, Rio Manso, Serra Azul, Juramento and Queimado reservoirs). Days with zero pirá captures (CPUE n = 0) were the most common finding for all fishing sites (Fig. 3) , with the highest values being at Ibiaí (sport fishing) and Três Marias (for both fishing categories). Days with CPUE n higher than 2 fish. fisher -1 .day -1 occurred only in the artisanal fishing sites of Buritizeiro and Pirapora-São Romão. Body size. We recorded pirá ranging 18.3-92.0 cm TL and 0.8-9.0 kg BW (N = 429). Artisanal fishers captured pirá with greater BW than sport fishers (Wilcoxon test: P < 0.001). Pirá BW also differed among artisanal fishing sites (KruskalWallis test: P < 0.001), with the smallest pirá being captured at Buritizeiro and the largest at Pirapora-São Romão (Dunn test).
Discussion
Occurrence, abundance and fishing. Data on occurrence and abundance showed that pirá prefers the flowing water of rivers over the standing water of reservoirs, and that it inhabits the main course of SFR and its major tributaries. In the main course, pirá historically occurred from the upper region to the mouth. However, we were unable to determine the upstream limit of its historical and recent geographic distribution. Occurrence of pirá in the main course has been reduced to the 1,182 rkm of the middle SFR between Três Marias Dam and Sobradinho Reservoir. The Paracatú River is the most important tributary habitat for pirá. Pirá abundance does not seem to be linked to river flood, as it is for other migratory fishes of SFR. In general, the fishing boat of the artisanal fishers association of Pirapora primarily targeted migratory fishes. The 75% reduction in migratory fish CPUE b from late 1987 to late 1997 was most likely due to the absence of significant floods during this period (Godinho et al., 2007) . In returned to values close to those of 1987 after two consecutive years of significant floods (personal data). Abundance of young migratory fishes also increased in the SFR after two consecutive years of significant floods (Prado et al., 2017) . Unlike other SFR migratory fishes, the CPUE of pirá did not show relevant temporal changes from late 1980 to late 2000.
The relevance of pirá to fisheries depended on the type of fishing and site. Pirá was more important for artisanal fisheries than for sport fisheries, likely because it is more profitable to catch pirá using fishing nets, as employed by artisanal fishers, than by hook-and-line used by anglers.
Based on fishery data, the abundance of pirá at Três Marias seems lower than at fishing sites further downstream. Três Marias is located in the hyporhithron zone while Pirapora and Januária are in the epipotaman zone (Sato, Godinho, 2003) . Thus, we suspect that pirá abundance might be related to environmental differences between these two zones.
Fishing gear and strategy may explain the smaller size of pirá captured by artisanal fishers at Buritizeiro compared to other sites. Cast nets with small stretched mesh size (≤ 11 cm) were used in the shallow waters of the Buritizeiro Rapids. Other types of fishing gear, mainly cast nets with larger stretched mesh size (≥ 12 cm) and drift nets (stretched mesh size ≥ 14 cm), were used in deeper waters, which are characteristic of the other sites.
Reproductive strategy. Pirá does not use floodplain lagoons as nursery grounds. Pirá, like other Neotropical migratory fishes, is pelagophilic, iteroparous and a groupsynchronous spawner (Godinho et al., 2010) , with high fecundity and small, semi-buoyant free eggs that hatch in about 20 h (Sato et al., 2003a (Sato et al., , 2003b . In general, Neotropical migratory fishes spawn in the rainy season during river floods (Godinho et al., 2010) . Their eggs and larvae drift downstream towards floodplains, which are their most important nursery habitat (Sato, Godinho, 2003; Sato et al., 2003b; Godinho et al., 2010) . However, pirá was only reported in one out of 60 floodplain lakes surveyed in the present study, which seems to indicate that it uses a different reproductive strategy.
We suspect that pirá does not spawn during floods and/or its early life stages drift near the bottom away from the river bank. Such adaptations would prevent them from reaching floodplain lakes, and instead lead them to a yet unknown nursery habitat within the river. This condition would not be unique to pirá, as there are, at least, three other Neotropical migratory catfishes -i.e., Brachyplatystoma rousseauxii and B. vaillantii (Barthem, Goulding, 1997) and Zungaro jahu (Agostinho et al., 2003) , that do not use floodplain lakes as nursery habitats.
Conservation status. Pirá was first listed in the 2004
Brazilian red list as vulnerable before being categorized as endangered in 2014. Moreover, pirá was included as vulnerable in the 2010 red list of the state of Minas Gerais. Here, we evaluate the criteria used to list pirá in both red lists based on the data presented in the present study.
In the first Brazilian red list, which was prepared in 2002 and published in 2004 (Drummond, 2008) , pirá was listed as vulnerable based on two IUCN criteria: 'A2ace' and 'B2ab(iii)' (Alves, Bockmann, 2008) . The first criterion is applied when a population size reduction is ≥ 30% over the last 10 years (A2) based on direct observation (a), decline in area of occupancy (AOO), extent of occurrence (EOO) and/or quality of habitat (c), and effects of introduced taxa, hybridization, pathogens, pollutants, competitors or parasites (e). The second criterion is evoked when the AOO is estimated to be less than 2,000 km 2 (B2) and estimates indicating AOO is severely fragmented or the species is known to exist at no more than 10 locations (a), and continuing decline, observed, inferred, or projected, in any area, extent and/or quality of habitat (b(iii)).
We found no evidence to support listing pirá in the 2004 Brazilian red list under the criterion 'A2ace'. The records from the Pirapora fishing boat are the only data available related to the pirá population size for the 10-year period prior to the elaboration of the list. The similar CPUE n for the years of 1987 and 1999 does not support a temporal reduction in population size of pirá. Moreover, our data do not support a decline in the AOO and/or EOO over the 10-year period prior to the elaboration of the red list. One might argue pirá could have been placed on the red list due to a decline in habitat quality, which most likely has indeed occurred. Brazil has given very little care to its rivers, and as a consequence habitat quality has declined in most of them, with the exception of those in the most remote areas. Thus, decline in habitat quality must be cautiously employed otherwise innumerous other Brazilian fishes would need to be included in the red list. The number of introduced taxa and pollutants have likely increased in the SFR basin in the years prior to the publication of the list (Alves et al., 2007) , but there are no data available supporting their effects on pirá.
Pirá is not be eligible for listing as vulnerable in the 2004 Brazilian red list under the criterion 'B2ab(iii)'. To evoke this criterion, AOO should be less than 2,000 km 2 . Determining AOO is difficult for riverine fishes (Fagan et al., 2005; Mace et al., 2008) . Since it is likely that pirá does not inhabit floodplains, we determined AOO as the length of the occupied river stretch multiplied by the average width of aquatic habitats along the river, as suggested by Fagan et al. (2005) . In this case, AOO and EOO are equal. Although the AOO of pirá is less than 2,000 km 2 (reach length occupied of 1,182 km multiplied by an average width of approximately 0.6 km), it is not severely fragmented (there are no dams in the middle SFR, except at both ends of the stretch). In addition, the existing data do not support the continued decline of either AOO or EOO. Finally, decline in habitat quality must be used cautiously for the previously stated reasons. Still related to the inclusion of the pirá in the 2004 Brazilian red list, it remains to be determined whether the species was known to exist at no more than 10 locations. According to IUCN (2001) , location is defined as a geographically or ecologically distinct area in which a single threatening event can rapidly affect all individuals of the taxon present. Moreover, the size of the location depends on the area covered by the threatening event (IUCN, 2001) . The major threats to pirá, as mentioned by Alves, Bockmann (2008) , are related to habitat quality, pollutants, introduced taxa and habitat fragmentation by hydropower dams. Alves, Bockmann (2008) did not mention using any of these threats to determine whether pirá was known to exist at no more than 10 locations. Moreover, the concept of location is more easily applied to species with very restricted distributions (ICMBio, 2013), which is not the case for pirá. Thus, determining the number of locations based on threats, like habitat quality, pollutants and introduced taxa, is not an easy task for pirá. This is not the case for hydropower dams, however, which can be used to determine the number of locations since pirá have virtually disappeared from the stretches of the SFR flooded by the reservoirs created by the hydropower dams.
At the time of the elaboration of the 2004 Brazilian red list, the Xingó Dam was the most recent hydropower dam to be built in the pirá AOO/EOO. There are still potential sites for the construction of dams in the SFR basin because its hydropower potential has yet to be fully exploited (Godinho, Loures, 2017) . According to ANEEL (2018), there are 19 hydropower dams inventoried for the SFR basin, five of which are in the main course and within the AOO/EOO of pirá. Any dam inventoried for the pirá AOO/EOO will only become a threat if construction is approved.
In the 2014 Brazilian red list (developed between 2010-2014), pirá was classified as endangered based on criterion 'A2cd' (ICMBio, 2018). The sub-criterion 'A2' is applied to classify species as endangered when a population size reduction is ≥ 50% over the last 10 years or 3 generations, whichever is the longest, based on decline in AOO, EOO and/or quality of habitat (c) and actual or potential levels of exploitation (d).
Pirá was included in the 2014 Brazilian red list because, at the time the list was developed, it was basically restricted to the middle SFR basin and exhibited a clear population reduction due to construction of dams and high fishing pressure (ICMBio, 2018) . Moreover, since pirá was found in only 50% of its AOO and EOO at that time, it was estimated that its population size had experienced a reduction of 50% in the previous 30 years (3 generations), which happened at the same time as the construction of large dams in the lower SFR (ICMBio, 2018) .
When the 2014 Brazilian red list was developed, the AOO and EOO of pirá had not been reduced by 50% or more. The percentage reduction in AOO and EOO were actually smaller because we did not include the major tributaries of the middle SFR inhabited by pirá in this latter analysis.
We are not aware of any study on age-structure of pirá, but we suspect the 10-year generation length (GL) used for including pirá in the 2014 Brazilian red list was an overestimate. Our concern is based on maximum age records for other large Brazilian freshwater fishes, which are: 6 years for Salminus brasiliensis (Tos et al., 2009) , 8 years for Prochilodus lineatus (Santana, Minte-Vera, 2017) and Pseudoplastystoma reticulatum (Francisco et al., 2011) and 10 years for Arapaima gigas (Queiroz, 2000) and Pseudoplatystoma corruscans (Mateus, Petrere, 2004) . Since the IUCN (2001) definition of generation length used for listing species in the 2014 Brazilian red list was the average age of parents of the current cohort, the 10-year GL used for pirá is higher or equal to the maximum age reported for some other Brazilian large fish.
The guidelines in ICMBio (2013) were also used for listing species in the 2014 Brazilian red list. These guidelines suggested that GL can also be determined using the equation GL = age of 1 st maturation + Z (maximum age -age of 1 st maturation). None of these variables are known for pirá, so we used data available in the literature for other species as the best proxy to evaluate whether the GL of pirá could reach 10 years. The age of 1 st maturation is known for a small number of Brazilian medium-large freshwater fishes, which are: 1 year for Prochilodus brevis (Bomfim et al., 2015) , 1-3 years for P. lineatus (Barbieri et al., 2004) , 2-3 years for Salminus brasiliensis (Barbieri et al., 2004) , 3 plus years for Brachyplatystoma rousseauxii (Garcia Vásquez et al., 2009) and 5 years for Arapaima gigas (Imbiriba, 2001) . The two first species are smaller than pirá, but the last three are larger. Regarding Z, we are not aware of any Brazilian species for which Z has already been determined. The IUCN home page for the red list of threatened species gives the value of Z for only five fish species, all marine and of the class Actinopterygii (IUCN, 2018), the same class as pirá. For these species, Z ranged 0.15-0.50. According to ICMBio (2013) , Z is normally less than 0.50. Abdul Malak et al. (2011) recommended using Z = 0.50 when Z is unknown. To calculate GL, we used maximum age = 10 years (the highest value among the previously cited species), Z = 0.50, and age of 1 st maturation ranging from 1 to 10. Since GL is directly related to maximum age and Z, the values we used for these two variables maximized GL.
We obtained GL values ranging from 5.5, for age of 1 st maturation = 1, to 10.0, for age of 1 st maturation = 10. For each increment of 1 year in the age of 1 st maturation there was an increase of 0.5 year in GL. It is more likely that the age of 1 st maturation of pirá is less than 5 years than closer to 10 years because the smallest adult (gonads with macroscopic signs of gametogenesis) we captured (35 cm for male and 43 cm for female) was just under half the size of the largest ones (79 cm for male and 92 cm for females). If the age of 1 st maturation for pirá is indeed less than 5 years, its GL would be ≤ 7 years for a maximum age = 10 years. If the maximum age is less than 10 years, which is most likely the case, the GL would be even smaller.
Moreover, for age of 1 st maturation = 5 (the highest among the species mentioned above) and Z = 0.5, the maximum age will need to be 15 years in order for the GL of pirá to be 10 years. Since the maximum age for the other large Brazilian freshwater fishes mentioned above is 10 years, this also suggests that the GL of pirá is most likely less than 10 years.
In conclusion, in order for pirá to have a GL ≥ 10 years, its age of 1 st maturation and maximum age would need to be greater than the age of 1 st maturation and maximum age known for other Brazilian fishes.
In the 2010 red list of the state of Minas Gerais, pirá was included as vulnerable under the 'B2ab(iii)c(ii)' IUCN criterion (Alves, Bockmann, 2008 ). This criterion is used when the AOO estimated to be less than 2,000 km 2 (B2), associated to severely fragmented AOO or the species is known to exist at no more than 10 locations (a), and continuing decline, observed, inferred or projected, in area, extent and/or quality of habitat (b(iii)) and extreme fluctuations in AOO (c(ii)).
We found no evidence to support inclusion of pirá in the 2010 red list of the state of Minas Gerais. At the time the state red list was being developed, the AOO of pirá in Minas Gerais was likely less than 2,000 km 2 , even including the area of Três Marias Reservoir (1,040 km 2 ). However, the sub-criterion 'a' was not applicable to pirá because only the most upstream portion of its habitat was fragmented by a dam (Três Marias Dam). The sub-criterion 'b(iii)' was also not pertinent to pirá because the most important decline in area, extent and/or quality of its habitat in Minas Gerais likely occurred during the formation of the Três Marias Reservoir back in the early 1960s, and no reservoir that could affect the habitat of pirá has been built since. Regarding the number of locations where the species is known to exist and decline of habitat quality, the same arguments used against adding pirá to the 2004 Brazilian red list are also applicable to its exclusion from the red list of the state of Minas Gerais. Finally, we found no evidence in our data, or elsewhere, showing extreme fluctuations in the AOO of pirá, as required by sub-criterion 'c(ii)'.
None of the three other IUCN criteria (i.e., C, D and E) used for listing species in the red list are appropriate for pirá. The criteria 'C' and 'D' require information on, at least, population size, while criterion 'E' requires a quantitative analysis of the probability of extinction, neither of which are available for pirá.
